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ABSTRACT 

In the field of aerodynamics over the past decades, numerous studies have been dedicated to develop airfoils that 
produce higher amount of lift over a wide range of angle of attack. The flow over the suction surface of the airfoil must 
remain attached in order to generate lift otherwise the aircraft is bound to stall. This paper aims to introduce a novel 
technique on passive blowing flow control, namely, ‘vented airfoiV. In the vented airfoil, the high momentum fluid from 
pressure surface is injected into suction surface just upstream of the flow separation point. The first part of the study will 
be a critical assessment of computational data for the NACA24I2 airfoil. The second part will comprise of similar 
computational analysis of the vented NACA24I2 airfoil. The 2D model of the airfoil was developed with CATIA V5 and 
SSTK-co turbulence model was used for CFD analysis. The critical comparison between the resulting data of 
conventional NACA24I2 and vented NACA24I2airfoils will be useful to determine the reliability of the above mentioned 
stall delaying technique. 

KEYWORDS: Vented airfoil, NACA24I2, Passive Flow Separation Control, Blowing Flow Control, CFD, Suction 
Surface, Pressure Surface & Stall Delay 

Received: Oct 17, 2019; Accepted: Nov 07, 2019; Published: Jan 04, 2020; Paper Id.: IJMPERDFEB202024 

INTRODUCTION 

A major contributing factor in the increase of pressure drag on an airfoil is the adverse pressure gradient. Since 
the leading edge of an airfoil is a stagnant region, the pressure around the leading edge is highest. As the flow 
traverses along the suction surface of the airfoil, it expands and pressure drops slightly below the free stream 
pressure value. Because of this phenomenon, the flow adjacent to surface and far enough from the leading edge 
detaches from the surface and reverses in flow direction causing a loss of momentum. This momentum loss 
around the trailing edge in turn results in rise of pressure slightly above the value of free stream pressure. This 
latter increase in pressure is termed as the adverse pressure gradient. This phenomenon due boundary layer 
separation results in the formation of vortices or eddies. A variety of techniques have been studied in the past 
decades to delay flow separation. The methods of manipulation of the flow to manoeuvre the boundary layer in 
order to delay flow separation, increase lift, decrease drag, delay stall and increase lift-to-drag ratio are 
generally categorized as flow separation control methods. These methods are further classified into active and 
passive techniques based on their implementation. In this paper, the topic of interest will be passive blowing 
flow separation control. Blowing is a process of injecting high momentum fluid into the boundary layer to 
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negate the effect of adverse pressure gradient on the suction surface of the airfoil. Whereas suction is the process of 
extracting the fluid from the suction surface just upstream of the boundary layer separation point. These effects can be 
achieved by both active and passive methods of flow control. Passive methods do not need any kind of controller, they 
can be achieved by design alterations, whereas, active methods need some kind of controller/actuator or sensor to 
monitor and alter the flow using various instruments. 

A lot of research has been done on flow control. The first being in 1904, Prandtl [1] studied passive fluid suction 
on a cylindrical surface to keep the flow attached to the surface and cease the formation of eddies on the rear. In 1993, 
Lacaine [2] extensively designed and studied wings with variable camber and slots. This study demonstrated that with the 
application of multiple slots, the maximum coefficient of lift was increased significantly. Also, slotted wing was seen to 
have maximum lift when it is fitted with split flap. Shehata et al. [3] studied application of passive flow controlled 
NACA0015 airfoil in well turbines. A slot with a certain diameter located at 45% of chord length from the leading edge 
had a torque coefficient increase of 42% than that of the airfoil without suction slot. This results were obtained at stall 
angle of 13.6°. Yousefi et al. [4] conducted a study on blowing and suction slot geometry optimization on NACA0012 
airfoil. The study concluded that the blowing jet widths of 3.5% to 4% of the chord length are most effective for tangential 
blowing, and smaller jet widths are better effective for perpendicular blowing. The suction jet width of maximum 2.5% 
improves lift-to-drag ratio. 

Proposed Ideology 

The passive flow control technique proposed in this paper utilizes injection of fluid from pressure surface into suction 
surface. Vents are designed inside the airfoil for the purpose of introducing high momentum fluid jet into the boundary 
layer in order to delay the flow separation. For the application over a wide range of angle of attack, the two blowing vents 
are positioned such as, one at 30% of the chord length while other close to the trailing edge. The vent width at all openings 
is kept near 2% of the chord for optimum performance. The first blowing vent simply acts as a slot for the airfoil to add 
high momentum fluid into the boundary layer which helps the flow adhere longer to the suction surface of the airfoil at 
higher angle of attack. The second vent is created to overcome the trailing edge vortices which reduces pressure drag for a 
wide range of angle of attack. 

METHODOLOGY 

Model creation: The geometry of NACA2412 airfoil is created with CATIA V5R20 with the help of its coordinates which 
are imported from the internet. The design and dimensions of vents in NACA2412 airfoil: 



Figure 1: NACA2412 Design. Figure 2: NACA2412 with Vents. 
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For discretization of the computational domain, the c-shape fluid domain is used for mesh generation. The unstructured 
mesh is created with all triangles method. The meshed model contains inlet, walls, airfoil and outlet. On the airfoil, the 
edge sizing of 300 number of division is given and mesh refinement is 2. The grids around the areas of airfoil are made 
fine whereas coarse far away from it. It has 44136 nodes and 86337 elements. Mesh for vented NACA2412 airfoil: 91588 
nodes and 178641 elements 



Figure 3: Mesh for NACA2412 Airfoil. 



Figure 4: Mesh for NACA2412 with Vents. 


Input and Boundary Condition 


Table 1: Input and Boundary Conditions 


SI. No. 

Parameter 

Value 

1 

Flow medium 

Air 

2 

Flow velocity 

5, 10, 15,20 m/s 

3 

Density 

1.225 kg/m^ 

4 

Chord Length 

0.1 m 

5 

Angle of attack 

o 

(N 

O 

6 

Turbulent model 

K-co SST 

7 

Kinematic viscosity 

1.7894e-05 kg s/m^ 


COMPUTATIONAL DATA ANALYSIS 

Conventional NACA2412 with a Constant Velocity, V = 20ni/s 


Table 2: Lift, Drag Coefficients and Efficiency for NACA2412 at V = 20ni/s 


SI. 

No. 

Angle of attack 
(AoA) 

Coefficient of lift - 
conventional airfoil (Cl) 

Coefficient of drag 
- conventional 
airfoil (Cd) 

Efficiency 
(Cl /Cd) 

1 

0 

0.018555 

0.001457 

12.7313 

2 

3 

0.047117 

0.001846 

25.52327 

3 

6 

0.074365 

0.002206 

33.70805 

4 

9 

0.0915 

0.003425 

26.71329 

5 

12 

0.11769 

0.005783 

20.35008 

6 

15 

0.130759 

0.009711 

13.46534 

7 

16 

0.138809 

0.013227 

10.49412 

8 

18 

0.168249 

0.0022442 

7.497037 

9 

20 

0.100007 

0.008288 

12.06591 

10 

22 

0.191112 

0.05871 

3.255192 
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Table 2 shows the variation of aerodynamic performance of conventional NACA2412 at velocity 20m/s over a 
range of 0-22° angle of attack. We can see that the coefficient of lift rises up to a stall angle of attack 18°. The maximum 
aerodynamic efficiency is achieved at an angle of 6°. 

Constant angle of attack, AOA = 5 ° 


Table 3: Coefficients of Lift and Drag for NACA2412 at AoA=5° 


S. No. 

Velocity (V) 

Coefficient of Lift - Conventional 

Coefficient of Drag - 

Airfoil (Cl) 

Conventional Airfoil (Cd) 

1 

0 

0.001775 

0.000143 

2 

4 

0.00476 

0.000155 

3 

8 

0.007268 

0.000153 

4 

12 

0.010971 

0.000533 

5 

16 

0.014205 

0.001469 

6 

22 

0.021736 

0.007059 


Above table shows the variation of Ci and for NACA2412 airfoil with velocity ranging from 0-22 m/s at an 
angle of attack 5°. 

Vented NACA2412 with Constant velocity, V = 20ni/s 


Table 4: Lift, Drag Coefficients and Efficiency for Vented NACA2412 at V = 20ni/s 


S. No. 

Angle of 
Attack (AoA) 

Coefficient of Lift - 
Vented Airfoil (Civ) 

Coefficient of Drag - 
Vented Airfoil (Cdv) 

Efficiency (Civ 
/Cdv) 

1 

0 

0.029038 

0.001715 

16.93633 

2 

3 

0.049123 

0.002727 

18.01624 

3 

6 

0.077318 

0.003241 

23.85713 

4 

9 

0.103996 

0.004185 

24.84863 

5 

12 

0.126849 

0.005885 

21.55561 

6 

15 

0.139969 

0.008998 

15.5557 

7 

16 

0.143301 

0.010364 

13.82715 

8 

18 

0.163166 

0.017146 

9.516376 

9 

20 

0.173345 

0.02352 

7.328883 

10 

22 

0.238613 

0.062319 

3.828872 

11 

24 

0.055996 

0.023249 

2.408471 


Variation of aerodynamic performance of vented NACA2412 airfoil with respect to increasing angle of attack at a 
constant velocity of 20 m/s is shown in above table. The maximum coefficient of lift is achieved at an angle of 22°, 
whereas the aerodynamic efficiency is greatest at 9° angle of attack. 

Constant angle of attack, AOA = 5 ° 


Table 5 : Coefficients of Lift and Drag for Vented NACA2412 at AoA = 5 ° 


S. No. 

Velocity (m/s) 

Coefficient of Lift - 
Vented Airfoil (Civ) 

Coefficient of Drag - Vented 
Airfoil (Cdv) 

1 

0 

0.003142 

0.000267 

2 

4 

0.023769 

-0.00592 

3 

8 

0.013146 

0.000312 

4 

12 

0.015935 

0.000571 

5 

16 

0.019692 

0.001105 

6 

22 

0.025084 

0.00276 


Table 5 shows the variation of Ci and for vented NACA2412 with velocity ranging from 0-22 m/s at an angle 
of attack 5°. 
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a VS Cd at v=5in/s 
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a VS Cl at v=Mn. s 
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Figure 5 


Figure 6 


As seen in figure 5, at higher angle of attack, it is found that theCd of conventional NACA2412 airfoil increases 
drastically. Whereas the comparison of coefficient of lift for conventional and vented NACA2412 airfoil at lower angle of 
attack, there is an abrupt rise inCi of vented airfoil. 



Figure 7 


Figure 8 


At velocity lOm/s, Cifor vented airfoil remains higher than that of conventional NACA2412 airfoil throughout the 
range of angle of attack as shown in figure 8. Whereas in figure 7, drastically rises for conventional NACA2412 airfoil 
above 15° angle of attack. 
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Figure 9 


Figure 10 
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In figures 9 and 10, at velocity 15m/s both and Ci for conventional and vented airfoil trace almost similar 


curve. 



Figure 11 Figure 12 


In figure 12, it can be clearly seen that at velocity 20m/s, the conventional NACA2412 airfoil stalls at 18° angle of 
attack, whereas the Ci for vented airfoil keeps on increasing till 22° angle of attack. 
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Figure 13: Pressure and Velocity Contours for NACA2412 and Vented NACA2412 Airfoils at 0° Angle of Attack. 


Impact Factor (JCC): 8.8746 


SCOPUS Indexed Journal 


NAAS Rating: 3.11 



































Aerodynamic Design and Computational Analysis of Vented NACA2412 
Airfoil- A Comparative Study 


289 



2 325e^2 

2 044«'»002 
1 764«*002 
1 4S3»»002 
1 202«-K)02 
9 208a4001 

esete^ooi 

3 590a«001 
7807«+000 
2.029**001 
-4.838»»001 
-7.M7(r+001 

■-1 048»»002 
•1.327«+002 
•1 B07»f002 
-1.888e«002 
•2 169rKX)2 



2.644«+CI01 
2479e+001 
2.313e+001 
2.148o-^CI01 
1.983e>001 
1 SISe'KWI 
1.652e+0O1 
1 487«+0O1 
1.322«+0O1 
1 157e-KK)1 
9.914e+000 
B262a'^000 
6.610e+000 
4 957b-»' 000 
3.305a+000 
1 65264^000 
O.OOOe+OOO 
(m8*-11 


q_a«o_qjoo <r 


k. 


0Q2S 0.075 


Figure 14: Pressure and Velocity Contours for NACA2412 and Vented NACA2412 Airfoils at 5° Angle of 

Attack. 
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Figure 15: Pressure and Velocity Contours for NACA2412 and Vented NACA2412 Airfoils at 10° Angle 

of Attack. 
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Figure 16: Pressure and Velocity Contours for NACA2412 and Vented NACA2412 Airfoils at 15° Angle 

of Attack. 



Figure 17: Pressure and Velocity Contours for NACA2412 and Vented NACA2412 Airfoil at 22° Angle 

of Attack. 
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From the resultant data of numerical analysis, it can be concluded that: The vented NACA2412 generates higher lift 
throughout the wide range of velocity and angle of attack. At a velocity of 20 m/s, the vented airfoil keeps on increasing in 
coefficient of lift until it achieves a maximum value at 22° angle of attack. 
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